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1. Introduction and scope

The channel modeling work package WP1 of IST-WINN&Bject provided a Matlab implementation of
the WINNER Phase Il Model (referred as WIM this @nd). The main purpose of the WIM channel
models is to generate a radio channel realisatimnsa link and system level simulations. The
implementation is based on the earlier implemesnatiof WINNER Il interim model [6], WINNER |
(interim) model[3], 3GPP/3GPP2 Spatial Channel Model (SO¥)and SCM(E) Extension models. For
details concerning the WIM model, please refeflfio This document describes the SW implementation
structure of WIM, its input/output interface and functionality. Channel model scenarios and patarse
are modified to correspond to IMT.EVAIZ] channel model.

The channel model takes the user defined paramdtesMIMO radio link parameters and antenna
parameters described [ih] as an input. Channel matrices can be genefateahultiple BS-MS links with
one function call. The output is a multi-dimensibaaay which contains the channel impulse respoifse
the given radio links. In addition, the randomlaadn channel parameters for each link will be gigsran
output.

The channel convolution and other related operatame beyond the scope of the implemented channel
model.

2. Installation

The WIM package installs as a MATLAB mini-toolbddnzip the files in their own directory, e.g.
‘winner‘. Add the directory to MATLAB path. Type &ip winner’ at MATLAB command to get started.

The package includes the following modules:

% IMT.EVAL channel model

% based on Winner Phase Il channel model
% Version 0.2, September 22, 2008

%

% Channel model functions

% wim - WINNER Phase Il channel mod el (D1.1.2)

% wimparset - Model parameter configurati on for WIM

% linkparset - Link parameter configuratio n for WIM

% layoutparset - Layout parameter configurat ion for WIM (optional)
% antparset - Antenna parameter configura tion for WIM

% pathloss - Pathloss models for 2GHz an d 5GHz

%

% WINNER -specific functions

% scenpartables - Set WIM parameters for WINN ER scenarios
%

% Miscellaneous functions

% cas - Circular angle spread (3GPP TR 25.996)
% ds - RMS delay spread

% dipole - Field pattern of half wavel ength dipole
% NTlayout - Visualisation of network la yout

% Ultility functions

% interp_gain - Antenna field pattern inter polation

% interp_gain_c - Antenna field pattern inter polation (requires GSL)

% wim_core - Channel coefficient computa tion for a geometric channel model
% scm_mex_core - WIM_CORE written in ANSI-C

% generate_bulk_par - Generation of WIM bulk para meters

% layout2link - Computes and converts layou t to link parameters

% ScenarioMapping - Maps scenario names (Al etc .) to number indices

% struct_generation - Assistant function
% offset_matrix_generation - Assistant function

Note! The code is created and tested on Matlabores$.5 and 7.1 (R14). Some other version mighsea
problems.
To compile the ANSI-C functions (optional) MATLABI®miex compiler must be properly configured.
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3. Model features

3.1 Basic features

WINNER MIMO radio channel model enables systemlisimulations and testing. This means that
multiple links are to be simulated (evolved) siranktously. System level simulation may include mldti
base stations, multiple relay stations, and matipbbile terminals as in Figure 1. Link level siatidn is
done for one link, which is shown by blue dashédigsd. The short blue lines represent channel satgne
where large scale parameters are fixed. Systerhdavalation consists of multiple links. Both liével

and system level simulations can be done by madgtfiultiple segments, or by only one (CDL model).

segments

Figure 1. System level approach, several segmentsqps).

A single link model is shown in Figure 2. The paetens used in the models are also shown in theefigu
Each circle with several dots represents scatteggmpn causing one cluster. The number of clustares
from scenario to another.

Figure 2. Single link.

By selecting the WIM input parameters suitablys ibossible to generate with a single function:call
» Multiple channel realizations for a single BS-M8&Kij
e One channel realization for multiple BS-MS links,
*  Or both.
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E.g.,
% to generate matrices for 10 links with default pa
H=wim(wimparset,linkparset(10),antparset);

rameters, default scenario InH (A2)

scenarios (Scenario 1=InH (A2), 2=UMi
a (D1))
E.g. SMa

% to generate a single link of any of the supported
(B1), 3=SMa (C1), 4=UMa (C2), 5=UMi O-2-| (B4) 6=RM
linkpar=linkparset(1); linkpar.ScenarioVector=3; %
H=wim(wimparset,linkpar,antparset);

The number of paths is scenario dependent andsvirom 8 to 24 (sefl]). The number of rays (subpaths)
is fixed to 20 for all scenarios.

3.2 CDL model option

IMT.EVAL [7] contains fixed channel models called Clustdbethy Line (CDL) models with tabulated
spatio-temporal channel parameters. They are fidtgrministic despite random initial phases ofrthss.
Doppler is not explicitly defined, because it résditom the angular properties. These models ntight
useful e.g. in the simulation system calibrationidations. With CDL models there is no randomnaess i
the large scale parametekEDTE! In the current version CDL models are not suported.

CDL models can be selected by setting parameters:
wimpar.FixedPdpUsed ='yes’ andwimpar.FixedAnglesUsed =‘yes’

3.3 Supported propagation scenarios

For details about the scenarios definition [§@eSpatial channel model parameters characteido
channel scenario. The scenarios-dependent paranatecurrently supported at center frequency @&f 2-
GHz and at bandwidth of 100 MHz.

Test environment | Base coverage Microcellular Indoor High speed
urban
Deployment Urban macro-cell | Urban micro-cell Indoor hotspot Rural macro-cell
scenario scenario scenario scenario scenario
Channel model UMa UMi InH RMa
Urban macro Urban micro (LOS, | Indoor hotspot Rural macro
(LOS, NLOS) NLOS, Outdoor-to-| (LOS, NLOS) (LOS, NLOS)
indoor)
Acronym in Cc2 B1 (LOS&NLOS) | A2 D1
implementation B4 (Out-to-in)
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4. Running examples

4.1 Basic examples of channel matrix generation

%% Matrix generation for 10 MS-BS links with defaul t settings
H=wim(wimparset,linkparset(10),antparset);

%% Matrix generation with modified parameter settin gs
% Setting and modifying default input parameters

wimpar=wimparset;

linkpar=linkparset(10); % 10 links

antpar=antparset; % default antennas

wimpar.NumTimeSamples=100; % 100 time samples per link
wimpar.NumBsElements = 4; % set 4 BS elements
wimpar.NumMsElements = 4; % set 4 MS elements
antpar.BsElementPosition = 10; % set 10 lambda spa cing
antpar.MsElementPosition = 0.5; % set 0.5 lambda sp acing
linkpar.PropagConditionVector=zeros(1,10); % (NLOS =0/LOS=1)
linkpar.ScenarioVector=4*ones(1,10); % UMa scenari o]

% Generate channel realisations

[H1,delays,out]=wim(wimpar,linkpar,antpar);

% using final conditions as initial conditions in n ext function call
[H2,delays,out]=wim(wimpar,linkpar,antpar,out);

5. Technical description of the SW
5.1 SW high level structure

The high-level WIM implementation structure is shmow the block diagram given in Figure 3. It is
assumed that the user mobility model, which is smcified in[1] is external to the channel matrix
generation routine. The path loss model is alsolémpnted as a separate user-supplied function. The
default path loss function, complying wifh], is [pathloss.i. Interpolation of antenna field patterns is
also required since AoD/AoAs can be any values o{&B0,180) degrees. This function is also
implemented as an external function, so that madet can supply own function, if desired.

The WIM computation consists of two main parts:
e the random user parameter generation and
e the actual channel matrix computation.

Input and output arguments are defined in moreildetthe next section.
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generate location and
array orientation
parameters for all
links (network lay out
dependent)

helper functions for
setting model input
parameters (e.g.
defaults)

external functions

wim.m
— T INPUT MATLAB structs: ]
lwimpar - WIMi configuration parameters (same for all links) [wimparset.m
llinkpar - location and orientation parameters for all sinulated links[linkparset.m
lantpar - antenna parameters (same for all links) [antparset.m]

wimpar.Propagation (see Table 5) initvalues - (opt.) initial path parameters for all links

ScenParTables.m

wimpar, Scenario. Struct fixpar

ScenParTables.m]

Setting WIMi generate bulk par.m
X e N .
lscenario specifi Generation of Int ati
parameters random bulk r:)fe;;r)]tt)ezr:c;n
_ parameters field patterns
Generation of for all links
path loss - [interp_gain.m] or [interp_gain_c.m]
parameters interp_gain.m
[pathloss.m] + LINPUT] L ouTPUT
3 field patterns gains
Generation of angles [deg] (complex antenna field
c hf?-n_nl?" at values patterns interpolated at
coefficients interp method azimuth angles)
loss 3 -
(Path losses (dB) for for all links
all the links)

wim_core.m

WIM [wimv_core,m] |

wimpar
[wim.m] linkpar

— antpar
bulkpar
gains.

wim.m
—— [ OUTPUT MATLABsiruets.____ }—
H - channel matrices (5D-array: [Nrx Ntx path time link])

WIM imple mentation delays - multipath delays given in seconds
fulloutput- (MATLAB struct) delays, AoD, AoA, phases,

v path_loss, shadowing for all links

data format

conv ersion functions model output etc Colour Legend
to link and sy stem visualization
simulators

WIMi Modules
general description

external functions

Matlab modules
input/output
description

Figure 4. High-level description of the WIM computdion. The actual WIM model is in the box
labeled ‘WIM'.

5.2 Model input/output interface

The full syntax for the WIM function is ([ . ] indate optional arguments):
[H, [DELAYS], [FULL_OUTPUT]] = WIM( WIMPAR, LINKPAR, ANTPAR, [INITVALUES]).

e Allinput arguments are MATLAB structs. The firstrée input arguments are mandatory. A
helper functions (wimparset.m, linkparset.m angbarget.m) will be supplied so that their default
values can be set easily.

e The fourth input argument is optional. When givéfiM does not generate the channel
parameters randomly, but uses the supplied imtiahnel values.

e The first output argument is a 5D-array contairtimg MIMO channel matrices for all links over a
specified number of time samples.

e The second output argument includes multipath ddlaryall links, given in [s].

e The third output argument is a MATLAB struct confag the randomly generated link
parameters and the final phases of the complesaids. This MATLAB struct can be used as
INITVALUES in subsequent function calls to genertitee continuous channel realizations with
separate function calls.
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5.2.1 Input parameters

Tables 1-4 describe the fields of the input strifétMPAR, LINKPAR, and ANTPAR and Table 5
includes the fixed input parameters.

Table 1: MATLAB struct WIMPAR _ (set in wimparset.m). General channel model paranters,
common for all links.

Parameter name Definition Default Unit Note
value

Ignored if
antenna patternsg
are defined in
input struct

ANTPAR, and

Number of BS array antenna elements. The number of BS
and MS elements is normally extracted from ANTPAR.

NumBsElements The values of NumBsElements and NumMsElements|are 2 -
used only if a single scalar is given as the argefieid number of BS
pattern in ANTPAR (see ANTPARSET). elements is

extracted from
the antenna
definition.

Ignored if
antenna patterns
; are defined in
input struct

ANTPAR, and

Number of MS array antenna elements. The numb&So
and MS elements is normally extracted from ANTPAR.

NumMsElements The values of NumBsElements and NumMsElements| are 2 -
used only if a single scalar is given as the araefield number of MS
pattern in ANTPAR (see ANTPARSET). elements is

extracted from
the antenna

definition.
Oversampling factor, number of time samples peff hal
wavelength. For successful Doppler analysis, ormulsh
select SampleDensity > 1. The time sample intersal
. calculated from CenterFrequency and MsVelocity (see
SampleDensity LINKPARSET) according tg 2 -
wavelength/(MsVelocity*SampleDensity). The calcatht
time sample interval for each link is included iheft
optional output argument of WIM.
NumTimeSamples Number of time samples 100 R
‘Yes’ setting

could be useful
in some system-

If UniformTimeSampling is 'yes' all links will beampled level
at simultaneous time instants. In this case, the sample simulations
_ , .| interval is the same for all links it is calculategreplacing| where all
UniformTimeSampling | \jsvelocity with MAX(MsVelocity), where the maximum "0 - simulated links
is over all links. If ‘no’ all the links are timeampled with need to be
different rate depending on MsVelocity. sampled at
equal time
intervals,
regardless of
MS speeds.
If ‘yes’ the two strongest clusters in power argidid in
delay into three subclusters. Fixed delays are j{@pns,
IntraClusterDsUsed fixed powers are [10 6 4]/20. For details see [gction ‘yes’ -
4.2]. Number of delay tap grows by four. If ‘nohet
clusters are not spread in delay.
Number of rays (i.e. complex sinusoids, plane wapes This is a fixed
NumSubPathsPerPath| cluster. It is not possible to change this valuenfr20 20 - value.

without modifying the code.

If ‘yes’ the power and delay parameters are notvdra
randomly, but taken from the CDL parameter tables|[1
table 6-1..26]. In the default mode ‘no’, the paetens are] ~ "°
random variables.

FixedPdpUsed
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FixedAnglesUsed

If ‘yes’ the angle parameters are not drawn rangpimiit
taken from the CDL parameter tables [1, table 66].ahd
the random pairing of AoDs and AoAs is not usedtha
default mode ‘no’, the parameters are random vkasab

no

PolarisedArrays

If PolarisedArrays='yes', single channel coeffitieof
impulse response turns to 2x2 coefficient matrixthw

elements [VV VH;HV HH]. Where V stands for vertica

polarisation and H for horizontal.

‘no’

CenterFrequency

The carrier center frequency. Center frequency tffeath
loss and time sampling interval.

5.25e9

Hz

DelaySamplinginterval

DelaySamplinginterval determines the sampling gnd
delay domain. All path delays are rounded to therest
grid point. It can also be set to zero.

5e-9

sec

PathLossModelUsed

When PathLossModelUsed is 'no' the path lossestdre
computed for each link but they are not multiplieth the
channel matrices. Path loss is given only as amubl
parameter. If ‘yes’, path loss is multiplied to phal
matrices.

—

no

ShadowingModelUsed

When ShadowingModelUsed is 'no' the shadowing
coefficients are still computed for each link bty are not
multiplied into the channel matrices. Shadowingiien
only as an output parameter. If ‘yes’, shadowing is
multiplied to channel matrices.

no

PathLossModel

The path loss model function name. Path loss male

implemented in a separate function, whose namefisatl

in PathLossModel. For syntax, see PATHLOSS. Th@athloss'

default function is PATHLOSS, which complies witt].[

AnsiC_core

Use optimized computation. The C-function must
compiled before usage. For more information of ANSI-
C core function, see SCM_MEX_CORE.

be
no

Not supported
with many
options.

LookUpTable

The LookUpTable parameter defines the number afitpg
used in the cosine look-up table; a power-of-2 &hde
given. The look-up table is used only in the ANSI
optimized core function. Value O indicates that kamp
table is not used. Value -1 uses the default nundfe
points, which is 2714=16384. Since a large part
computation in WIM involves repeated evaluation @
complex exponential, the look-up table can speed
computation on certain platforms and C compilers.

C

r 0
of

up

Applied only
with AnsiC
core.

RandomSeed

Sets random seed for Matlab random number gensrator

The default value is empty. Even fixing the randseed
may not result in fully repeatable simulations dtge
differences in e.g. MATLAB versions.

[]

see Matlab help

UseManualPropCondition

If ‘yes’ the propagation condition (los/nlos) seti is
defined manually in LINKPARSET. If ‘no,
propagation condition is drawn from LOS probalehtiin
[1, table 4-7].

the

yes

range

Path loss parameter for scenario B5b. In B5b thie-loats
ranges 1, 2 and 3 are defined, see [1 table 6-20].

end_time

Observation end time for B5 scenarios time poings ar
taken as:
wimpar.TimeVector=linspace(0,wimpar.end_time,T);

sec

Table 2: MATLAB struct LINKPAR _ (set in linkparset.m). Link-dependent length k vetors,
randomly generated; they are not based on any spéici network geometry or user behaviour model.

Parameter name Definition Default Unit Note
value
A 1xK vector mapping scenarios to links. Scenaxdos
ScenarioVector [1=A1, 2=A2, 3=B1, 4=B2, 5=B3, 6=B4, 7=B5a, 8=B5c, ones(1,K) {12,
9=B5f, 10=C1, 11=C2, 12=C3, 13=C4, 14=D1, 15=D23q]. ++ 15}
A 1xK vector mapping propagation condition Possible
» (NLOS/LOS) to links. If WIMPAR values
PropagConditionVector| ysemanualPropConditon = ‘yes’, link propagationZeroS(L.K) | {0.1} | o-Nn|OS and
conditions(NLOS=0/LOS=1)are defined by this vector, 1=LOS.

Document Number: IST-4-027756
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A 1xK vector defining distance between BS and MSKor|
links. It is recommended to define MsBsDistance
MsBsDistance manually.If random MsBsDistance is usest feasible LINKfA?RSET m
values for RMIN and RMAX (see LINKPARSET). This is
not done automatically for different scenarios.
A 1xK vector defining BS height from ground levdi. |
BsHeight NaN the height values are scenario dependent defaul NaN m
heights from [1, table 4-4].
A 1xK vector defining MS height from ground lev#l.
MsHeight NaN the height values are scenario dependent defaul NaN m
heights from [1, table 4-4].
360* U(-180,180)
ThetaBs Bgs (see Figure 5) (rand(1,K)- deg
0.5)
360* U(-180,180)
ThetaMs Ous (see Figure 5) rand(1,K)- deg
0.5)
MsVelocity MS velocity m/s
360* U(-180,180)
MsDirection 0, (see Figure 5) (rand(1,K)- deg
0.5)
i A parameter for B1 and B2 path loss model. Average
StreetWidth width of the streets, same for all users. 20 m
A parameter for A2/B4 path loss model. NumFloorhis |
floor number in which the indoor MS/BS is locatedy.BEn
NumFloors A2 scenario NumFloors is 5 if BS is located on tfie|5 1 -
floor. On ground floor (=street level) NumFloor = 0
A parameter for A1 NLOS path loss model [1, tablé].4
NumPenetratedFloors | Numper of penetrated floors between BS and MS. 0 -
Layout type for UMi (B1/B4) path loss, ‘0’'=hexagonal
LayoutType ‘I’=Manhattan. This parameter is necessary onlyUii 0 -
path loss function.
Outdoor-to-Indoor propagation condition for UMi ése Possible
note 3 in Ain A1-2[7]). ‘1’ denotes LOS, ‘0’ denotes i values
Otol_OutdoorPL NLOS. This parameter is necessary only for UMi @-to 1 0=NLOSand
path loss function. 1=LOS.
Distance definition for B1 and B2 path loss mode&tDis
a distance from BS to the “last line-of-sight pojnt”
Distl typically street crossing, see [1, fig 4-3]. Defauhlue is NaN -
NaN, which denotes random distance determination in
PATHLOSS function.
Average building height, same for all users. Neagss
o . only for path loss models. If not set by the user. (NaN)
BuildingHeight the path loss function will use default scenaripetelent NaN m
heights.

Table 3. MATLAB struct LAYOUTPAR (set in layoutparset.m): network layout parameters

Parameter name Definition Default Unit Note
value

A 2xNofBs matrix of BS (x,y) co-ordinates. Cp-
ordinates of Bs and Ms should be given in meters
with resolution of 1 metett is recommended to define round(rand(

BsXY BsXY manually.If randomBsXY is usedset a feasible| 2,NofBs)*r m
value for RMAX (see LAYOUTPARSET). As a defaylt max)
X,y co-ordinates are drawn uniformly to RMAX x RMAK
square (RMAX=500).
A parameter defining the number of sectors in each

NofSect of the BSs. Can be either a scalar or a vectof. 1ones(L, .
scalar all the BS has the same number of sectors| 085
BsOmega is a matrix with dimensions
max(NofSect)xNofBs. Each column of the matrix comsai see

BsOmega orientations of sectorised arrays with respecotoesfixed | LAYOUTPAR deg
North direction. If some BS have less sectors thhers, SET

the nonexisting sector orientations are set to zero.
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setup with 2 BS, one with 1 sector and other with 3

sectors. In this case orientation matrix could bg. g
BsOmega = [11 22; 0 33; 0 48ee [1, Fig 5-2].
A 2xNofMs matrix of MS (X,y) co-ordinates. Co-
ordinates of Ms should be given in meters with
resolution of 1 meterlt is recommended to define round(rand(
MsXY BsXY manually.If random MsXY is usedset a feasible| 2,NofMs)*r m
value for RMAX (see LAYOUTPARSET). As a defaylt max)
X,y co-ordinates are drawn uniformly to RMAX x RMAK
square (RMAX=500).
A 1xK vector of MS array broad side orientations360"(rand(1
MsOmega See [1, Fig 5-2] ,Ngﬂ\S/l)s)- deg
Pairing is a matrix with dimensions NofSect x NofNs.
one entry for each BS sector/MS pair. Value '1'dddior
“link will be modelled” and value '0" stands fom# will e
Pairing not be modelled". E.g. with all ones matrix, ak tMS are| | AYOUTPAR -
connected to all sectors. With e.g. first rows oresl SET
others zeros means, that all MS are connected Iyolsh
sector of 1st BS. See [1, sect 5.1.1].
ScenarioVector
PropagConditionVector
BsHeight
MsHeight
MSV?IOC'.W Same as in LINKPAR (see Table 2).
MsDirection
StreetWidth
NumFloors

NumPenetratedFloors

Distl

Table 4. MATLAB struct ANTPAR_(set in antparset.m): antenna parameters. Linear niform arrays

with are supported.

The antenna patterns do not have to be identida¢ domplex field pattern values for the randomly
generated AoDs and AoAs are interpolated.

Parameter name

Definition

Default
value

Unit

Note

BsGainPattern

BS antenna field pattern values in a 4D array. The
dimensions are [ELNUM POL EL AZ] =
SIZE(BsGainPattern), where

ELNUM - the number of physical antenna elementhién
array. The elements may be dual-polarized.

POL — polarization. The first dimension is vertical
polarization, the second is horizontal. If the piaktion
option is not used, vertical polarization is assdifieboth
are given).

EL — elevation. This value is ignored. Only theffir
element of this dimension is used.

AZ — complex-valued field pattern in the azimuth
dimension given at azimuth angles defined in
BsGainAnglesAz.

If NUMEL(BsGainPattern)=1, all elements are assumneeq

have uniform gain defined by the value of BsGaitd?at
over the full azimuth angle, and the number of B&mama

elements is defined by NumBsElements. This speeds Up

computation since field pattern interpolation i$ no
required.

BsGainAnglesAz

Vector containing the azimuth angles for the BS ramae
field pattern values. These values are assumbed the
same for both polarizations. This value is givedégrees

linspace(-
180,180,90)

deg
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over the range (-180,180) degrees. If
NUMEL(BsGainPattern)=1, this variable is ignored.

BsGainAnglesEl

Vector of elevation angles for definition of BS amia
gain values. This parameter is for future needs; dtsl
value is ignored in this implementation (SCM does no
support elevation).

BsElementPosition

Element spacing for BS linear array in wavelendfiis
parameter can be either scalar or vector. If scaldform
spacing is applied. If vector, values give distanoetween
adjacent elements.

0.5

wavelength

MsGainPattern

MS antenna field pattern values in a 4D array. The
dimensions are [ELNUM POL EL AZ] =
SIZE(MsGainPattern), where

ELNUM - the number of physical antenna elementhién
array. The elements may be dual-polarized.

POL - polarization. The first dimension is vertical
polarization, the second is horizontal. If the piaktion
option is not used, vertical polarization is assdifieboth
are given).

EL — elevation. This value is ignored. Only theffir
element of this dimension is used.

AZ — complex-valued field pattern in the azimuth
dimension given at azimuth angles defined in
MsGainAnglesAz.

If NUMEL(MsGainPattern)=1, all elements are assume
to have uniform gain defined by the value of
MsGainPattern over the full azimuth angle, and the
number of MS antenna elements is defined by
scmpar.NumMsElements. This speeds up computation
since field pattern interpolation is not needed.

complex

MsGainAnglesAz

Vector containing the azimuth angles for the MS&ana
field pattern values. These values are assumbed the
same for both polarizations. This value is givedégrees
over the range (-180,180) degrees. If
NUMEL(BsGainPattern)=1, this variable is ignored.

linspace(-
180,180,90)

deg

MsGainAnglesEl

Vector of elevation angles for definition of MS anha
gain values. This parameter is for future needy; dtsl
value is ignored in this implementation (SCM does no
support elevation).

MsElementPosition

Element spacing for MS linear array in wavelengifss
parameter can be either scalar or vector. If scaldform
spacing is applied. If vector, values give distanoetween
adjacent elements.

0.5

wavelength

InterpFunction

The name of the interpolating function. One caraep
this with his own function. For syntax, see integgin.m,
which is the default function. For faster compwtafisee
interp_gain_c.m

‘interp_gain

InterpMethod

The interpolation method used by the interpolating
function. Available methods depend on the functiime
default function is based on MATLAB's interpl.m
function and supports e.g. ‘linear’ and ‘cubic’ faigt)
methods. Note that some methods, such as ‘lineanhot
extrapolate values falling outside the field patter
definition.

‘cubic’

Note that the mean power of narrowband channelixiglgments (i.e. summed over delay domain)
depends on the antenna gains
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Cluster AoD/ AoA

Cluster N (tap)
Scatterer M (ray

/Scatterer AcA/ AoD

Figure 5: BS and MS angular parameters in WIM.

v
MS
e, array

MS array broadside

The fourth input argument, which is also a MATLABUEL, is optional. It can be used to specify thial
AoDs, A0As, cisoid phases, path losses and shadpvalues when WIM is called recursively, or for
testing purposes. If this argument is given, theloan parameter generation as definefd ]ris not needed.

Only the antenna gain values will be interpolatadttie supplied AoAs and AoDs.

The fields of the MATLAB struct are given in thdlfiwing table. Note! The fourth input argument dan
directly the output structure FULLOUTPUT definedTiable 6 or the structure defined in Table 5.

Table 5. MATLAB struct INITVALUES: initial values, fourth optional input argument.

Parameter name Definition Unit
InitDelays A K x N matrix of path delays. Sec
InitSubPathPowers A K x N x M array of powers loé subpaths. -
InitAods A K x N x M array Degrees
InitAoas A K x N xM array Degrees
A complex-valued K x N x M array. When polarizatioption
InitSubPathPhases is used, this i_s akK X P_x N x M array, where Pdthis case Degrees
the second dimension includes the phases for [VVHXH
HH] polarized components.
InitPathLosses A K x 1 vector Decibel
InitShadowLosses A K x 1 vector Decibel
A K x 2 matrix. Index to two strongest clusterse$h clusters
InitindOfSpreadClust| are spread to three delay positions if parameter
IntraClusterDsUsed = ‘yes’

5.2.2 Output parameters

There are three output arguments: H, DELAYS, FULO®WT. The last two are optional.

Table 6. MATLAB output parameters.

Parameter name Definition Unit Note
H A 5D-array with dimensions U x Sx N x T x K See Appendlx 1 for
terminology
A K x N vector of path delay values. Note that gela
DELAYS are, for compatibility with the INITVALUES, also sec
included in FULLOUTPUT..
FULLOUTPUT A MATLAB struct with the following elemea:
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A K x N matrix of path delays. This is identicalttoe
delays sec
second output argument.
path_powers A K x N array of path powers. linear
aods A K x N x M array of subpath angles of dejrart degrees
aoas A K x N x M array of subpath angles of atriva degrees
path_losses A K x 1 vector linear scale
MsBsDistance 1 x K vector of MS-BS distances m
shadow_fading A K x 1 vector linear scale
. A K x 4 vector of per link large scale paramete&SD
sigmas ASA DS SF) -
. A K x 1 vector indicating LOS / NLOS condition
propag_condition (0=NLOS. 1=LOS) 9 -
Kcluster A K x 1 vector defining narrowband K-fadmf links. | linear scale Only with LOS
Phi_LOS Final phases for LOS paths, K x 1 array. g de Only with LOS
scatterer_freq A K x N x M array of subpath Doppler frequecies Hz Only with B5 CDL
A complex-valued K x N x M array giving the final
phases of all subpaths. When polarization option is
subpath_phases used, a K x P x N x M array, where P=4. In thiseca | degrees
the second dimension includes the phases for [VV YH
HV HH] polarized components.
delta_t ﬁ\nlljsx 1 vector defining time sampling interval fal sec
A K x 2 matrix. Index to two strongest clusterse¥h
IndexOfDividedClust | clusters are spread to three delay positions dipater | -
IntraClusterDsUsed = ‘yes’
o . Only with
Xpr AKXNx M array of cross-polarization coupling linear scale PolarisedArrays
power ratios. case

5.2.3 Scenario parameters

In addition, fixed parameters are provided in tinection [ScenParTables.m].

5.3 Implementation notes

5.3.1 Output power scaling

In the basic case of NLOS propagation conditiorhwibn-polarised, isotropic antenna patterns, thenme
output power of each MIMO channel is unity (witheliadowing and pathloss). In the cases of LOS
condition or non-isotropic antenna patterns or wiith dual polarized arrays, mean power varies.

5.3.2 Output interpolation

Channel sampling frequency has to be finally etp#he simulation system sampling frequency. Taehav
feasible computational complexity it is not possitd generate channel realisations on the sampling
frequency of the system to be simulated. The cHaea#sations have to be generated on some lower
sampling frequency and then interpolated to théeg$requency. A practical solution is e.g. to gexte
channel samples with sample density (over-samiéiotpr) two, interpolate them accurately to sample
density 64 and to apply zero order hold interpotato the system sampling frequency. Channel ingpuls
responses can be generated during the simulatistod on a file before the simulation on low skEmp
density. Interpolation can be done during the systemulation.

5.3.3 Layout parameters (layoutparset.m)

This implementation supports a multi-base statiwh multi-mobile station network layout. As an optid
is possible to define the layout parameters algherCartesian coordinate system. In such a case th
network layout includes information about: the nemsband locations of MSs and BSs in the Cartesian
coordinates; the number of sectors in a BS (in oasemulti-cell network); the array broad side
orientations at both MS and BS; the coupling o&aetive radio link from a MS to a certain sectoadS

(or vice-versa); and the directions of the MSs.

The utility function layoutparset.m is used to gate link parameters the following way:

>> linkpar = layout2link ( layoutparset ( NofMs, No
% SectPerBs = # sectors in a BS
% K= # of active links

fBs, SectPerBs, K))
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It is also possible and recommended to define ¢éheark layout manually by directly editing all oan of
the layout parameters in theyout  structure.

Within e.g. the 100x100%eell area MSs and BSs locations and radio actilkeslare randomly generated.
A pairing matrix selects which radio links will lgenerated (active) and which will not The pairingtrix

is a [NofMs x (NofSect x NofBs)] matrix with valu¢8,1}. Value 0 stands for the link M8to celh
(secton) that is not modelled and value 1 for the link ifaetied. The pairing matriR in the example
below is a 3x6 matrix, in the case 3 MSs, 2 BSs3&adctors or 3 MSs, 6 BSs and 1 sector.

Xams  Xewmsz  Xewmss
A= Xeomst  Xeams2  Xczmss

Xcﬁ,msl Xcﬁ,msz Xcﬁ,ms3

Both the distance and line of sight (LOS) directioformation of the radio links are calculated foe
input of the model. The distance between thed®f Mg is

des s, = \/(XBS B XMSk)Z +(Yas ~ yMS()z '

The LOS direction from BSto MS, with respect to BS antenna array broad side ie {Sgure 6)

_arctan 2Ms eS| g9 —0 whenx, . =X

BS ! Ms, = XBs
) Xys, — Xas
P = Yus, ~Y
—arctan == |-90°~Q.c,  When X,s < Xgs
Xus, — Xas

The angles and orientations are depicted in thedigpelow. The north (up) is the zero angle refegeand
the positive direction of the angles is the clodeniirection.

MS array,
\

BS arréay broadside

gMS(,BS

MS array broadside™ *

Figure 6: BS and MS antenna array orientations.

A rudimental visualization of the network layoutiisplemented as helper utility in order to visualthe
layout of the generated channel; the network layatit 5 BSs and MSs, and 7 active links looks ksein
the following figures. In the figures red arrowsdee the BS sector array orientation, black arrdersote
the MS direction of motion, and blue arrows dertbteactive (modelled) links.
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NETWORK LAYOUT: BSs and BSs'Sectors, MSs and MSs' Directions, Active Links
100 - : .

80

60+

40+

Cells area (m)

20 i i 1 i i i i I i i
-10 0 10 20 30 40 50 60 70 80 90

Cells area (m)

Figure 7: Example of the network layout with 5 BSgthree sectors in any BS), 5 MSs and 7 active
links

NETWORK LAYOUT: BSs and BSs'Sectors, MSs and MSs' Directions, Active Links
100

60 -

40+

Cells area (m)

-20 L L L L
-20 0 20 40 60 80 100 120
Cells area {(m)

Figure 8: Example of the network layout with 5 BSgnumber of sectors varies from 1-3 in different
BSs), 5 MSs and 7 active links

The utility function NTlayout.m is used the followg way:

>> NTlayout ( layout2link ( layoutparset ( NoMs, No fBs, SectPerBs, K)))
% SectPerBs = # sectors in a BS
% K= # of active links

By setting the MSs and BSs coordinates and setgthim Pairing matrix properly it is possible to siate
many system-level cases (see next paragraph).
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5.3.4 System level simulations

Guidelines for system levels simulations arélipn There are described cases like handover, roaltj
multi-user, multi-hop and relaying simulations.

NOTE! If a parameter MsBsDistance is not definedh®yuser, it will be drawn randomly in function
[linkparset.m]. Random distances are drawn suahttfe MSs would be approximately uniformly
distributed in a circular disk over [RMIN,RMAX] metts. Default values for RMIN and RMAX are 5 and
100 m respectively. NOTE! IF random MsBsDistancesed, it is important to set feasible values for
RMIN and RMAX. This is not done automatically faffdrent scenarios.

5.4 ANSI-C speed-up implementation

The computationally heaviest parts of the WIM chledmimodel have been implemented with ANSI-C,
namely the computation of the channel coeffici€iatsre’) and interpolation of antenna field patterithe
first one refers to the time-consuming generatibfiNopaths x M sub-paths) complex exponentialssiach
user, each one randomly selected for each droplaftes is based on interpolation functions in GNU
Scientific Library (GSL)[5] and can be used only on platforms, where G been installed.

Note! ANSI-C version does not operate with a certain combinations of model options. In this case an error
message is given.

5.4.1 A faster channel coefficients generation: scm_mexore.m
To make use of the optimized computation, one must:

1) Compile the ANSI-C function. The simplest way totts is to type ‘mex scm_mex_core.c’ at the
MATLAB command prompt (provided that MATLAB's C caqaiter has been configured
properly).

2) Set ‘wimpar.AnsiC_core="yes".

There may be considerable differences between Qitens with respect to the resulting performance.

Further performance improvement may be achieveseliing wimpar. LookUpTable=-1. This activates
the lookup table for computing the complex expoianin the core equation of the channel model.
Alternatively, one can set the number of pointthimlook-up table by e.g. setting wimpar.
LookUpTable=1024. The default lookup table sizelfviookUpTable = -1) is 2*14=16384.

5.4.2 A faster antenna pattern interpolation function: interp_gain_c.m

In some applications, particularly when the WIMdtian is called repeatedly for a small number wfdi
samples, antenna field pattern interpolation maystitute a large part of computation. For such
applications it may be worthwhile to use the ANSW@tten interpolation function interp_gain_c. The
function is based on the interpolation function&iNU Scientific Library (GSL) and supports lineaida
cubic spline interpolation with periodic boundapnditions. Look-up table -based interpolation soal
supported for uniformly sampled field patterns.cbmnpile the function, type

mex -lgsl -Igslcblas -Im interp_gain_mex.c

at the MATLAB command prompt. The GNU Scientifibkary[5] must be installed in the system for
successful compilation. For list of platforms sugpd by GSL, segb].
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Appendix A: Terminology and notation

‘Link’ = one-directional (downlink or uplink) BS-® connection. The term ‘link’ is sometimes, but not
always, interchangeable with ‘user’, i.e. MS.

‘Channel realisation’ = a sequence of channel medriover a pre-defined number of time samples (in
WIM, each element of the channel matrix has sixidehclusters in delay domain).

Cluster = tap = path

Ray = subpath

number of links

number of paths

number of subpaths within a path
number of receiver elements
number of transmitter elements
number of time samples

- ncCcZzz X
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